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ELECTROENCEPHALOGRAPHIC CHANGES AFTER
EYE OPENING AND VISUAL STIMULATION*
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In 1930 Berger2 reported that visual stimulation by opening of
the eyes in a lighted room blocked the occipital brain waves, while
opening of the eyes in a dark roomdid not alter the occipital rhythm.
The effect of visual stimulation on the so-called alpha rhythm was
subsequently described by many authors, including Adrian and
Matthews,' Fischer,4 Gibbs and Gibbs,5 Golla, Hutton, and Walter,7
Jasper and Cruikshank,8 Loomis,"1 Rheinberger and Jasper,'5 Rubin
and Cohen,1" Travis,"7 and Williams.20 Adrian and Matthews'
believed that "patterned vision" (i.e., differentiated perception of
objects) blocked the occipital cortical activity and thus disorganized
the occipital electrical discharges. Jasper and Cruikshank8 pointed to
the increase in frequency of the waves after stimulation with light
but mentioned that sometimes the opening of the eyes in the dark
was also effective. Golla, Hutton, and Walter,7 after observations
on 60 subjects, related alpha rhythm to visual imagery. Persons
who showed no alpha rhythm with eyes open or closed have pre-
dominant visual imagery (M for minus type). Persons with pre-
dominantly kinesthetic and auditoryimagery havealpha rhythm with
eyes open and closed (P for permanent type). Between these
extremes are those in whom closing of the eyes would produce alpha
rhythm and who were able to make use of their visual images (R for
responsive type). Berger,2 Gibbs and Gibbs,5 Travis and Hall,'8
Travis,'7 and Williams20 showed that not only visual stimulation but
otherprocedures, which stimulated the attention ofthe subject, result
in a change of the occipital rhythm. Loomis" noted that eye open-
ing in a blind person did not result in any change. Lemere'0
claimed that no change of the alpha rhythm occurred in blind per-
sons after visual stimulation while changes could be observed in all
patients with alpha rhythm in malingered or hysterical blindness.
In the present study, the effect of various methods of eye open-
ing and closing in relation to visual stimulation were observed in
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100 patients with no defect of their visual apparatus, in three patients
with total blindness, and in 32 patients with unilateral blindness.
Particular attention was paid to the practical problem of the value of
the electroencephalogram in differentiating true from hysterical and
malingered blindness.
Method
A Grass electroencephalograph was employed. The standard arrangement
of eight monopolar leads (U. S. Army T. B. Med. 74) was used throughout
all relevant measurements and comparisons.
The patients: The examinations on 100 patients with normal visual appa-
ratus were unselected routine referrals for electroencephalography. Clinical
diagnoses and non-focal EEG classifications (using the classification of Gibbs,
Gibbs, and Lennox,6 with a slight modification) of 92 patients are presented
in table 1. The remaining 8 patients showed focal changes, and are classi-
fied as follows: head injuries, 6; convulsive seizures, 1; -brain tumor, 1.
Studies were made on 32 patients with unilateral blindness (28 with trau-
matic anophthalmos; 2 with optic atrophy; 2 with avulsion of one optic
nerve) and on 9 patients with homonymous hemianopsia due to traumatic
lesions of the visual radiation.
TABLE 1
EEG CLASSIFICATION (NON-FOCAL)
I Par- | Lowu Mixed
Dagnosis m mal slow Siout ma! Fast fat age slow -Total
Head injuries I 1 2 | 3 1121 6 1 2! 2 [39
Convulsive seizures 3 1 4 1 5 8 i 4 11 3 1 23
Syncope 0 0 I | 8 I |0 10 1 0 | 10
Cephalalgia J0 0 0 TO I O 1 0 12
Cerebral 0 1 101010011
vrascular accident 0 O | 0 1 | O | ° | 1
Brain tumor 0 0 | 2 | 0 0 0 0 0 T 2
General paresis l0 0 1 O 0 0 l 0 0l 0 TI
Schizophrenia 0 T0 0 1 |0 0 1 O | 2
Psychoneurosis |0 0 0 3 0 0 0 0 3
Total 5 5 11 40 16 I 5 5 5 92
Examinations: (1) Astandard record was run with closed eyes in daylight;
(2) A three-minute run was made with open eyes in daylight; (3) The
patient was asked to visualize some person or object with his eyes closed;
(4) The patient was asked to look at a picture and to read a short text; (5)
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A two-minute record was run with the patient's eyes closed in a dark room,
then the patient was asked to open his eyes and a two-minute record was
made after the lights were turned on; (6) The 32 patients with unilateral
blindness were tested as above, but with each eye separately; (7) In 7
patients with homonymous hemianopsia we alternately illuminated the blind
half and the normal half of the field and recorded the EEG dunrng such tests.
Measurements: The simplest method of measuring frequencies and ampli-
tudes was chosen; the average frequency was determined by counting the
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FIG. 1. Patient 34. No abnormalities of visual apparatus. Eye opening causes no appre-
ciable change in rhythm or amplitude.
waves per second in a characteristic one-minute strip; the average amplitudes
were determined by measuring the characteristic amplitudes in such a strip.
This method was not so exact as more detailed quantitative methods but was
clinically valid, simple, and suited for the purpose of comparing the changes
after eye opening and closing and following visualization in a large number
of patients.
Classification of changes inamplitude: (1) When no change or only mini-
mal changes in amplitude were noted after eye opening the record was classi-
fied as "no change of amplitude"; (2) When the decrease of amplitude
was less than 1/5 of the original record it was classified as "slight change of
amplitude"; (3) When changes were noted which were greater than 1/5
and smaller than 1/3 they were classified as "moderate change of ampli.
tude"; (4) When changes in amplitude were greater than 1/3 of the original
am-plitude they were classified as "marked change of amplitude."
Classification of changes in frequency: (1) When no change or only
minimal changes were noted after eye opening the record was classified as
"no change"; (2) When changes in the increase of frequency were noticeable
but less than 1/5 of the original frequency, they were classified as "slight
change of frequency"; (3) When changes were greater than 1/5 but
smaller than 1/3 they were classified as "moderate change of frequency";
(4) When the increase was greater than 1/3 of the original frequency they
were classified as "marked change of frequency."
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Observations
In general, the changes after eye opening were characterized
chiefly by a decrease in amplitude and to a lesser degree by an
increase in frequency. The latency of the changes was approximately
1 second. After 30 seconds in a lighted room some of the original
waves tended to reappear sporadically. There were various degrees
of response to eye opening, ranging from no change (Fig. 1) to
marked changes (Fig. 2). The changes induced by eye opening
were ordinarily reversed by eye closing.
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FIG. 2. Patient 440. No abnormalities of visual apparatus. Eye opening causes marked
decrease in amplitude and increase in frequency of the occipital rhythm.
Effect of eye opening:
(a) Changes in amplitude: Of 100 patients with normal visual
apparatus no changes in amplitude were -observed in 12, slight
changes in 16, moderate changes in 31, and marked changes in 41
patients.
(b) Changes in frequency: Of 100 patients with normal visual
apparatus 20 showed no change in the frequency of their occipital
rhythm, 51 showed slight changes in frequency, 10 showed moder-
ate changes, and 19 patients showed marked changes.
(c) It was observed that marked and moderate changes in
amplitude and in frequency occurred most often in patients with a
well-defined regular occipital rhythm of about ten per second fre-
quency. The same was true, though less pronounced, in the slow
and very slow groups. In many patients with fast, very fast, or
low voltage fast records the changes after eye openings were less
pronounced or absent.
(d) Abnormal waves of diagnostic significance tended to disap-
pear after eye opening; after a short while, however, with the reap-
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pearance of the original waves some of the open eye records per-
mitted the diagnosis of abnormal patterns. In general, however,
open eye records even when run over some period of -time were of
much less diagnostic aid than was the standard record with the
patient's eyes closed. The three patients with bilateral blindness did
not show any change of -their occipital rhythm after eye opening.
In the group of 32 patients with unilateral blindness, 11 patients
had an 8.5 to 12 per second medium-to-high voltage electric rhvthm.
These patients showed marked changes of amplitude and frequency
after opening both eyes. In 10 of these patients no difference was
seen in amplitude and frequency after opening the normal eye or
elevating the eyelid on the anophthalmic side. In one patient a
marked change of amplitude and frequency after opening the normal
eye was noted, while elevation of the anophthalmic lid caused only a
slight change. Eye opening in the remaining 21 patients caused
no clear changes of the occipital rhythm.
Influence of visualization:
(a) Mental imagery: When the patients were asked to visaalize
some person or object only 9 of 42 showed changes similar to the
changes noted after eye opening. The cause of the change may have
been a reaction to the sound of the spoken request.
(b) Silent reading: In 13 of 42 patients the changes after read-
ing were slightly more marked and more lasting than were changes
noted after mere eye opening.
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Fio. 3. Patient 869. No abnormalities of visual apparatus. A: EEG in daylight. B:
EEG in darkness. Effects of eye opening in daylight and darkness are identical except
for quicker return of original (closed eye) rhythm in darkness.
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(c) Visual stimulation and eye opening in the dark: Thirty
patients with marked changes after eye opening in daylight were
studJed also in darkness. In 26, eye opening in the dark had about
the same effect as eye opening in the daylight (Fig. 3) and in 4
the effect of eye opening in the dark was less pronounced than in
daylight. Eye closing in dark and in light caused the reappearance
of the original rhythm in an identical fashion (Fig. 4). Again the
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Fic. 4. Patient 714. No abnormalities of visual apparatus. A: BEG in daylight. B: EEG
in darkness. The EEG effects of eye closing are identical.
most marked changes were noted in records with a normal, well-
defined high voltage occipital rhythm. The only difference from
eye opening in daylight was the tendency of the closed eye rhythms
to return more quickly in the dark. A light flash of short duration
produced decrease o-f amplitude and increase of frequency in those
patients who exhibited a return of normal rhythm some time after
eye opening. The duration of changes after visual stimulation by a
light flash was only very short; the latency of the reaction averaged
one per second and the reaction lasted only 2 to 5 seconds.
(d) Observations in hemianopic patients: In patients with
hemianopsia due to traumatic lesions of the parietal or temporal, or
occipital lobes, we were unable to notice any differences in the elec-
troencephalogram aftervisual stimulation of the blind and the seeing
halves of the visual field.
Discussion
In general, we were able to confirm the previous observation that
eye opening and visual stimulation usually cause a decrease in ampli-
tude and an increase of frequency of the occipital rhythm. The
striking change was usually the alteration of amplitude. These
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changes were, however, far from being uniform. In 12 per cent of
our 100 patients no changes were seen and in 16 per cent only slight
changes of amplitude were noted. The fact that such changes were
most pronounced in a group with a well-defined normal occipital
rhythm of medium to high amplitude seemed noteworthy, yet a few
patients with normal 8 to 10 per second rhythms showed no sig-
nificant alteration on eye opening and closing; patients with fast,
low-voltage fast, and generally dysrhythmic, choppy records tended
to show less change or no changes. Such statistical scatter in changes
failed to confirm the statements of most authors that changes of the
occipital rhythm after eye opening and visual stimulation are
universal.
We found that eye opening in a completely dark room had a
very similar effect, though one of shorter duration, than eye opening
in daylight. This is in disagreement with Berger's statement2 that
eye opening in the dark did not alter the occipital rhythm. Jasper
and Cruikshank8 noticed such changes in some subjects, presumably
in the group of medium to high voltage records with an 8 to 12 per
second rhythm. The original occipital rhythm tended to reappear
earlier in the dark than in a lighted room, and often one minute
aftereyeopening the occipital rhythm had become identical with the
closed eye rhythm. In such suibjects it could be seen that visual
stimulation with a bright flashlight lasting for from 1 to 10 seconds
tended to block the occipital rhythm as much as does eye opening.
The fact that eye opening disturbed the regular occipital rhythm
and eye closing caused its reappearance did not permit the explana-
tion that attention caused the change. However, the factor of atten-
tion, as well as of central stimuli other than visual, was apt to bring
about or at least contribute to the alteration of the original rhythm.
Travis and Hall,'8 Williams,20 and others exemplified the above
statements. The fact that visual stimulation with open eyes in a
dark room after recovery of the original rhythm and eye opening in
the dark room have almost identical effects suggests that other factors
were also present besides the stimulus of light. We think that the
observed changes might 'be the result of a shift of one type of cere-
bral function at rest and relaxation to another type of cerebral func-
tion induced by eye opening and visual stimulation. Eye opening
in the dark and eye opening in the daylight are biologically similar
in that the visual structures of the central nervous system are acti-
vated for the perception of light and form, whether it occurs or not.
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Eye opening seems to have a trigger-like effect on the occipital cortex
and may induce a shift from a resting to a more active state. Simi-
lar shifts occur in the EEG changes from sleep to the waking state
as observed in normal or in narcoleptic patients. The nature of
such a cerebral functional "shift" is unknown. The hypothesis may
be advanced that it may be governed by reverberating circuits
between sensory cortex and thalamus which govern consciousness
and attention. Nevertheless, visual stimulation does affect the occip-
ital rhythm, as is shown by the experiments on photic driving of
the occipital rhythm, and by flickering light (Walker19 and others).
The changes observed after "inner visualization" were slight or
absent in most subjects. Similarly, the difference between the effects
of mere eye opening and reading were slight. Perhaps attention
accounted for the slight difference.
In our patients with traumatic injuries of the visual radiation
causing hemianopsia we were unable to demonstrate that visual stimu-
lation ofthe blind and seeinghalves of the visual fields produced sig-
nificant differences. However, it might be that this was due to the
difficulty in stimulating precisely the halves of the visual field.
From our electroencephalographic studies we received the
impression that patients with normal cerebral rhythm with closed
eyes and marked changes after eye opening and visual stimulation
showed a greater ability to relax than did the other group. This
should be examined by very careful, coordinated personality and
EEG studies.
We found that no changes of the occipital rhythm were noted
after eye opening and visual stimulation in blind patients. How-
ever, as about an eighth of our patients with normal vision showed
no changes of the rhythm after eye opening and closing, the EEG
does not differentiate true from false blindness. No definite differ-
ences between opening of the eyes in patients with unilateral blind-
ness could be observed. Furthermore, it would be desirable to
observe the effect of visual stimulation and eye opening and closing
in a large series of blind patients. At present the authors are work-
ing on a method utilizing the electroencephalograph which permits
reliable objective differentiation of normal vision from true and
false (hysterical and malingered) blindness. It consists in utilizing,
following a communication by Mays,'2 the galvanic skin response
(GSR) as a reaction to visual stimuli and recording it with the help
of an electroencephalograph. This method has been developed and
374EYE OPENING IN ELECTROENCEPHALOGRAM 375
described in detail by Redlich"4 for a differentiation of organic and
hysterical anesthesias. It can easily be applied to other sensory
modalities such as the testing of visual perception, as suggested by
Marquis."3
Summary
Changes of the occipital electrical rhythm after various methods
of visual stimulation and eye opening and closing were observed in
100 patients with normal vision, 32 patients with unilateral blind-
ness, 3 blind patients, and in 9 patients with homonymous hemianop-
sia. There was considerable statistical scatter in the response of the
occipital rhythm to eye opening and closing. In 100 normal patients
after eye openings, 20 showed no change in frequency, 51 slight
change, 10 moderate change, and 19 marked change in frequency.
Of the same patients, 12 showed no change in amplitude, 16 slight
change, 31 moderate, and 41 marked change. Therefore, the effect
on the EEG caused by eye opening and closing does not permit a
consistently valid differentiation between true and hysterical or
malingered blindness.
In 10 of the I I patients with unilateral blindness and with nor-
mal encephalograms, opening of the lid ofthe anophthalmic side had
about the same effect on the occipital rhythm as opening of the
normal eye. No changes after eye opening were noted in three
blind patients. No difference was noted after illumination of the
normal and blind halves of the visual field in hemianopic patients.
In 26 of 30 patients, EEG changes after eye opening and closing in
daylight and in complete darkness were almost identical, except for
a quicker return of the original rhythm in darkness. The effect of
mental imagery and reading on the EEG was slight. The theoreti-
cal implications of the above findings are discussed.
Reference is made to a new method of determining the presence
or absence of vision with the aid of the galvanic skin response
recorded by an electroencephalograph.
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